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Left Phrenic Nerve Stimulation Due to Breakage
of the Endocardial Right Ventricular Lead
at the Costoclavicular Ligament
Mariko Fujimori MD, Akira Sugimoto MD, Takayuki Shimizu MD, Takashi Tamura MD
Department of Cardiology, Saiseikai Ibaraki Hospital
A 78-year-old man with a permanent pacemaker (PM) implanted in his left prepectoral area
reported twitches in his left lateral abdominal region. Chest X-rays revealed a broken right
atrial (RA) lead and a fracture of the right ventricular (RV) lead at the left costoclavicular
ligament. The electrocardiogram (ECG) and the Holter ECG revealed atrial ﬁbrillation (AF)
and an improperly functioning PM. We observed that the twitching seemed to correspond
with each pacing beat and that it did not appear with his own beat. We suspected that
the twitching was due to electric current leakage from the broken RV lead. We performed
a PM re-implantation with a screw-in RV lead using the extrathoracic approach. After
re-implantation the twitching disappeared. Costoclavicular ligament related electrode lead
fractures are not uncommon and electric current leaks can be a source of problems in cardiac
pacing. In this case, the electric current leak from the broken RV lead at the costoclavicular
ligament stimulated the left phrenic nerve.
(J Arrhythmia 2007; 23: 250–254)
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Introduction
Permanent electrical cardiac pacing, with either
epicardial or endocardial electrodes, like any foreign
material implanted into the heart or in the subcuta-
neous tissue, is capable of producing unique prob-
lems.1) Wire fractures or insulation fractures of
pacemaker leads can lead to severe complications
like pacing failure. If electric current leaks into the
pectoralis major muscle, twitches will appear. The
present case demonstrates the possible consequences
of a broken pacing lead and electric current leakage
near the phrenic nerve, i.e., stimulation of the
phrenic nerve. We conclude with a discussion of
what to do when these problems occur and possible
preventive measures.
Case Report
In May 2005, a 78-year-old man visited the
Saiseikai Ibaraki Hospital Department of Orthope-
dics outpatient clinic reporting twitches in his left
lateral abdomen and weakness in his right leg,
stating that the twitches had been occurring for the
past four weeks. He was examined by an orthopedist
who took both chest and abdominal X-rays. The
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chest X-ray revealed a PM generator implanted in
the upper left anterior portion of his chest with a
broken RA lead and a fractured RV lead at the left
costoclavicular ligament (Figure 1). Physical exami-
nation of the patient revealed nothing of signiﬁcance
with the exception of the twitching and muscle
undulation in his upper left abdomen and weakness
in his right leg. The laboratory ﬁndings were also
normal with the exception of CK elevation (CK =
779 IU/L, CK-MB = 30 IU/L). There was no or-
thopedic cause for his symptom or CK elevation, so
we were asked by the orthopedist to consult on his
case. Discussion with the patient revealed that the
PM had been implanted at another hospital in July
1998 because of sick sinus syndrome (SSS). Exami-
nation of the patient’s personal and family histories
revealed nothing of signiﬁcance.
Electrocardiogram and Ultrasound Echocardiog-
raphy
The ECG revealed atrial ﬁbrillation (AF), more-
over, the Holter ECG further revealed that his PM
was not functioning correctly because of the RV lead
problems (Figure 2). Ultrasound echocardiography
(UCG) was performed and the ﬁndings were all
within normal limits.
Pacemaker Information
The patient had a DDD pacing generator (Trilogy
DR+ Model: 2360, St. Jude Medical) implanted
with a RA lead (1420T tined type, bipolar, St. Jude
Medical) and an RV lead (1452T tined type, bipolar,
St. Jude Medical). Examination of his PM notebook
revealed that his DDD pacing mode was changed to
VVI pacing mode in April 2000. The suspected
reason for the change in pacing mode was either his
AF or the broken RA lead. According to the PM
notebook the R wave amplitude at initial implanta-
tion in 1998 was 14.6mV. The RV lead impedance
was 1189 in 1998, but the RV impedance
measured at hospitalization was not within normal
limits (Table 1). The RV lead was set to bipolar
setting and the impedance diﬀerence between bipo-
lar and unipolar settings was not signiﬁcant.
Treatment
Based on available evidence and laboratory data it
was concluded that the leg fatigue was unrelated to
the PM failure. Above all, the functional failure of
PM was recognized and there was a possibility of
insulation fractures of leads, so ten days later a PM
re-implantation (Identity SR, Model: 5172, St. Jude
Medical) was performed, including a new screw-
in RV lead (1488T, St. Jude Medical), using the
extrathoracic approach without complications
(Figure 3). The proximal part of the old RA lead
was removed easily when it was pulled and the distal
part was left in place. The proximal part of the old
RV lead was cut, the edge was covered with the
insulation, and then it was ﬁxed at the bottom of the
pocket. After treatment his twitching disappeared.
Discussion
When pulse generators are implanted, several
diﬀerent complications can emerge including hem-
orrhage, skin erosion, out-of-position leads, infec-
tion, perforation, wire fracture, and diaphragm
B
A
Figure 1 Chest X-ray at hospitalization.
A: RA lead, B: RV lead. Broken RA lead and a fractured RV lead at the costoclavicular ligament were
observed.
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stimulation.1) Diaphragm stimulation is usually
caused by incorrect positioning of leads or excessive
output.8) Twitching in this case appeared to be
caused by a current leakage from the fractured RV
lead, nevertheless, the following possibilities were
considered.
(1) Possibility of other nerves causing his twitch-
ing
Spinal nerves of the thoracic vertebrae can cause
twitching in the left abdomen. The patient indicated
twitching in his left abdomen, and wave-like
movements with frequent hiccups were observed
in his upper left abdominal region. The intermittent
twitching observed in his upper left abdomen
coincided with the pacing beats, but the twitching
did not appear with his own beats. The relationship
of the pacing beats to the left diaphragmatic
twitching was conﬁrmed by the X-ray accompany-
ing the implantation of his new PM generator. The
X-ray suggested that the twitching and phrenic
nerve simulation were being caused by the PM
generator and more speciﬁcally the fractured RV
lead.
B Holter ECG 
A ECG at hospitalization 
(a) (b) (c)
Summary of Holter ECG
Total beats 102799 beats/day
Heart Rate 34-103 beats/min
average heart rate 72 beats/min
Premature ventricular contraction (PVC) 4 beats/day
Pause (>2.0sec.) 228 /day
Max R-R interval 3.9 seconds
I
II
III
aVR
V1
V2
V3
V5
V4
V6
aVL
aVF
25.0 mm/sec
Figure 2 A: ECG at hospitalization. The
12-lead surface ECG monitoring reveals the
pacemaker was programmed to the RV
pacing mode, HR of 70 bpm, and no signs
of pacing failure.
B: Holter ECG. The Holter ECG also shows
the RV pacing mode and AF. The absence of a
QRS wave following spike (a) indicated pacing
failure. The Holter ECG also suggested the
possibility of over-sensing, because the interval
between spike (a) and spike (b) was greater than
857msec, which is the basic pacing length.
Sensing failure was also indicated by spike
(c) appearing at only about 400 msec after the
patient’s own beat.
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(2) Cardiac perforation and penetration
RV lead perforation typically leads to sensing and
pacing failure. When lead induced cardiac perfora-
tion occurs, the associated electric current can
directly stimulate the phrenic nerve. When penetra-
tion occurs, R wave amplitude increases.3) Cardiac
perforation and penetration can usually lead to
cardiac eﬀusion. In this case, cardiac eﬀusion was
not observed in the UCG, and measurements of R
wave amplitude were within normal limits. Since
cardiac perforation and penetration typically appear
in the ﬁrst few weeks after PM implantation,4,5)
based on our observations and relevant research we
ruled out the possibility of cardiac perforation and
penetration.
Table 1 Measured data of PM at hospitalization.
Generator
Mode VVIR
Basic Rate 70 ppm
Magnet Rate 70.4 ppm
Voltage 2.71 V
Impedance 4 k
Out put 3.0 V
Blanking Period 38 ms
Refractory Period 325 ms
RV lead
R wave amplitude 8.0 mV
Impedance 276 in bipolar
< 250 in unipolar
Threshold of stimulation impossible because of pacing failure
Sensing threshold impossible because of sensing failure
Examination of the PM generator revealed it was in the VVIR pacing mode with a magnet rate of
70.4 ppm that was functioning normally. According to the PM notebook the R wave amplitude at initial
implantation in 1998 was 14.6mV. The decrease in R wave amplitude suggested that cardiac penetration
due to the RV lead was unlikely. Furthermore, the decrease in lead impedance from 1189 in 1998
revealed the possibility of insulation break.
A
B
C
Figure 3 Chest X-ray after PM re-implantation.
A: new RV lead, B: old RV lead, C: proximal edge of retained old RA lead. The old RA lead was not
completely removed when PM re-implantation was performed. The proximal part of the RA lead at the
fracture site was easily removed, but the distal part was left in place. The proximal part of the old RV lead
was cut, the edge was covered with the insulation, and then it was ﬁxed at the bottom of the pocket. A new
RV lead was inserted using the extrathoracic approach.
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(3) Dislocation of the RV lead
We were not able to compare the chest X-rays
taken at the Ibaraki Hospital with those taken just
after implantation at the other hospital. The X-rays
from the other hospital would have been helpful for
comparative purposes, because dislocation of leads
typically occurs shortly after implantation. Since the
RV lead in this case had been implanted seven years
ago, dislocation seemed unlikely.
(4) Insulation fracture at the tip of the RV lead
When insulation fracture occurs at the tip of the
RV lead, the corresponding electric current leaking
from the fracture source can cause twitching. The
impedance of the RV lead was not within normal
limits (Table 1). The decrease in lead impedance in
both the bipolar setting and unipolar setting indi-
cated an insulation break. Furthermore, the decreas-
ed impedance in the unipolar setting suggested the
possibility of an insulation break at the distal part of
the RV lead. The decision not to remove the existing
RV lead during PM re-implantation was made for
two reasons: ﬁrst, the RV lead was already ﬁrmly
attached; second, if the RV lead was removed, the
surface of the electrode lead could be damaged by
the procedure. Since the existing RV lead was left in
place, it was not possible to examine the RV lead for
insulation fracture.
The left phrenic nerve exits from the plexus
cervicalis, descends in front of the scalenus anterior
muscle, goes through between the subclavian vein
and subclavian artery, and then descends near the left
internal thoracic artery.6) The path is very close to
the costoclavicular ligament. The positioning of the
RV lead deeply in his left subclavian vein as shown
(Figure 1) made it possible for electric current
leakage to directly stimulate the patient’s left phrenic
nerve. Our research was not able to ﬁnd a case
similar to this one.
To avoid similar complications, caution should
be exercised to avoid subclavian crush syndrome.
Because the subclavian approach tends to reach the
subclavian vein through the costoclavicular liga-
ment, the approach is more likely to cause sub-
clavian crush syndrome than the extrathoracic
approach.2,7) In this case, we punctured at the
intersection point of the ﬁrst costa and subclavian
vein. To avoid subclavian crush injuries to the lead,
our experience has led us to prefer the extrathoracic
approach.
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